Objective: African Americans have a particularly high prevalence of excessive body fat and high blood pressure. Genetic and environmental influences may be implicated for both of these risk factors. We investigated the potential for common genetic and environmental influences on body fat (waist circumference (WC), body mass index (BMI)) and blood pressure measures (systolic and diastolic pressure (SBP, DBP)) among African-American male and female subjects. Research methods and procedures: Measurements were taken as part of the Carolina African-American Twin Study of Aging (CAATSA). The CAATSA sample contains 217 same-sex African-American male and female twins with average age of 47 years. This analysis included 39 monozygotic male pairs (MZ), 43 dizygotic male pairs (DZ); 63 MZ female pairs, and 72 DZ female pairs. Maximum likelihood quantitative genetic analyses were used. Results: The total genetic variance for SBP was 22% in male subjects and 40.1% in female subjects. Of this total variance, 3.1% was in common with BMI in male subjects and 6% was in common with BMI in female subjects. After controlling for the effects of BMI, WC had less than 1% of its variance in common with SBP in male and female subjects. For DBP, the total genetic variance was 16.9% in male and 38.7% in female subjects. Of this total variance 6.1% was in common with BMI in male subjects and 3.7% was in common in female subjects. Again, WC had less than 1% of its genetic variance in common with DBP in both male and female subjects. The environmental variance common among these measures was also very small. The remaining variance was primarily accounted for by genetic and environmental effects unique to each measure as well as age. Discussion: Based on the very small common genetic variance for BMI, SBP, and DBP as well as WC and the blood pressure measures, our results suggest that searching for common genes among these measures may be inconclusive.
Introduction
Cardiovascular disease is the number one killer of African Americans. The CVD death rate in 2001 was 511 per 100 000 among male subjects and 377 per 100 000 among female subjects. This is in comparison to the total US population, which was 330 per 100 000. 1, 2 There are numerous risk factors for CVD including hypertension, excess weight, diabetes, smoking, diet, physical inactivity, hypercholesterolemia, as well as genetic factors associated with these risk factors. African Americans are at increased risk for many of these factors including hypertension, obesity, diabetes, and physical inactivity as compared to their Caucasian counterparts. 1 These risk factors are major sources of health disparities between African Americans and Caucasians. For example, the prevalence of obesity among African Americans has reached epidemic proportions with over 29% considered obese as compared to 19% of Caucasians. 3 Further, over half of African-American women are considered overweight. 4 Abdominal obesity has been shown to be more closely associated with these chronic disease outcomes through its association with insulin resistance, hyperinsulinemia, hypertension, and hypertriglyceridemia. [5] [6] [7] The rates of hypertension among African Americans are also cause for concern with 41.6% of United States AfricanAmerican male subjects and 44.7% of African-American female subjects considered hypertensive. 2 These numbers are in comparison to 32.2% of Caucasian male subjects and 29.5% of Caucasian female subjects. Further, the African Americans with the highest rates of hypertension are more likely to be overweight or obese. 2 About 40% of our sample is considered hypertensive and over 70% are overweight. The determinants of obesity are primarily positive energy balance from overeating and decreased activity, genetic factors, or a combination of the two. [8] [9] [10] The determinants of abdominal obesity appear to be more complex than those for overall obesity. Hormonal and other neuroendocrine actions have been shown to affect the abdominal adipocytes differently than the peripheral adipocytes. 10 There also appear to be genetic effects that differ from those of overall obesity. 11, 12 The determinants of hypertension may include genetic factors, overweight and obesity (particularly abdominal obesity), dietary salt intake, and social and psychological factors.
1 Importantly, these determinants have been shown to vary among African Americans and Caucasians; for example, it is hypothesized that psychosocial stress and salt intake may affect African Americans to a greater extent than Caucasians. [13] [14] [15] A link between obesity and hypertension may be common genetic influences. Several family/twin studies (all among Caucasians) have found a common genetic influence, including a recent study by Cui et al. 16 using twin pairs from the Victorian Family Heart Study. They found that genetic variance accounted for 46% of the total variance in SBP and common environment accounted for 31% of the total variance. When they adjusted SBP for BMI there was only a small decrease in the variance, 2% for genetic and 14% for environmental. A twin study conducted among young (average age 11.2 years) Caucasians found a significant genetic relation between SBP and body size but not between DBP and body size. 17 Other studies have found similar results. [18] [19] [20] [21] However, none of these previously conducted studies considered the potential for common genetic and environmental effects between indices of abdominal fat, such as waist circumference (WC), and blood pressure, despite the studies that have shown WC to be more highly associated with blood pressure than overall fat or BMI. 22, 23 A review of the current literature does not show any studies that have used twins to address the potential for common genetic and environmental effects among blood pressure and body fat distribution in adult African Americans. Specifically, we investigated the genetic and environmental influences on body fat measures, including WC and body mass index (BMI), as well as blood pressure including systolic and diastolic blood pressure (SBP and DBP) among African-American male and female twins.
Methods

Study population
The sample for the analysis consisted of 217 same-sex African-American twin pairs who participated in the Carolina African-American Twin Study of Aging (CAATSA). Participants in the CAATSA study were ascertained from birth records in the North Carolina Register of Deeds Offices. Details on the sample can be found elsewhere. 24 The protocol and process for obtaining informed consent were approved by The Pennsylvania State University and The University of North Carolina Institutional Review Committees. The sample consisted of 102 monozygotic (MZ) (39 male-male pairs and 63 female-female pairs) and 115 dizygotic (DZ) (43 male-male pairs and 72 female-female pairs) twins. The subjects ranged in age from 22 to 88 years (mean age is 47 years). The in-person assessment included measures of health status including anthropometrics and blood pressure. Zygosity was established using a physical similarity questionnaire that has been validated using genetic markers. 25 
Measures
Blood pressure was taken using an oscillometric automated device (A & D model UA-767; Milpitas California). Three measurements were taken in a sitting position, from the same arm, using a cuff of appropriate size for the participants arm. The average SBP and DBP values were used in the analysis. WC was measured at the level of the umbilicus using a standard cloth tape measure. Height and weight were obtained from subjects dressed in lightweight clothes with their shoes removed. BMI was calculated as weight (kg) divided by height squared (m 2 ). Age, gender, and medication use were determined by self-reported information during the screening.
Statistical analysis
Analyses included descriptive statistics and genetic analysis. Descriptive analyses were performed using SPSS (SPSS, Inc., Chicago, IL, USA) and included means and standard deviations as well as intraclass correlations of SBP, DBP, BMI, and WC. Genetic analyses using maximum likelihood quantitative methods was performed using a model fitting program called AMOS (SPSS Inc.). We evaluated quantitative contributions of genetic (additive) and environmental (shared and unique or 'nonshared') components of variance. The assumptions using this model fitting analyses are that MZ twins share 100% of their genetic effects and DZ twins share 50% of their genetic effects. Shared environmental effects were also estimated and are assumed to be 100% for both MZs and DZs because they were reared together, while unique environmental effects are not shared between the twins for either MZs or DZs (see Figure 1) .
The genetic or environmental covariance between two traits reflects the extent to which genetic or environmental Genetic influences on body fat and blood pressure TL Nelson et al effects are shared or are 'in common' among the two traits. Since BMI, WC, SBP, and DBP are all highly correlated (see Table 2 ), a Cholesky model (Figure 2 ), which permits systematic decomposition of the genetic and environmental covariance among the three measures into independent factors, was used in this analysis. In this model, genetic factor 1 loads on all the variables, genetic factor 2 loads on all but one of the measures, and genetic factor 3 loads on all but two of the measures. The environmental measures have a similar pattern of loadings. Age was also used in these analyses as a covariate so that the genetic and environmental components of variance would not be biased by possible age effects. Gender effects were taken into consideration by estimating models for both male and female subjects separately and then considering if they were significantly different.
To estimate the genetic and environmental models, a fit statistic (w 2 and df) is given and then the relative fit of nested models is determined by first assessing the w 2 for a general model and then comparing this to a more constrained model. So, for example, if shared environmental effects were set to zero and compared to the general model, a statistically significant w 2 would mean shared environmental effects were a significant component of the variance for the variable under consideration. We also considered other fit statistics to determine the best model. These included the Akaike information criterion (AIC), where a lower AIC indicates a more parsimonious model and thus a better fitting model. The root mean square error of approximation (RMSEA) was obtained with an RMSEA of o0.05 indicating a good fitting model, and finally the comparative fit index (CFI) was obtained, where a CFI 40.95 indicates a good fitting model. 26 
Results
Sample characteristics
Subjects were on average 47 years of age with 62% being female. According to the AHA guidelines the mean blood pressure for both male and female subjects categorized them as prehypertensive, with average blood pressure for male and female subjects being about 133/81 mmHg. 2 According to the WHO criteria they were also considered overweight as well as abdominally obese (WHO criteria: BMI 425 kg/m 2 is overweight and WC 494 cm in male subjects and WC 481 cm in female subjects). 27 Table 1 lists mean levels of BMI, WC, SBP, and DBP by gender and Table 2 shows the correlations between the measures in twin 1 for both MZs and DZs. Table 3 shows the intrapair correlations by gender and zygostiy for BMI, WC, SBP, and DBP. In general, intrapair correlations for MZ twins were higher than those for DZ twins, indicating genetic influences. There were some differences in correlations between male and female subjects indicating possible gender differences in heritability for the variables.
About 30% of the sample was taking blood pressure medications, so we regressed out medication use and analyzed the residuals for SBP and DBP.
Quantitative genetic analysis
To assess whether male and female subjects should be considered separately in this genetic analysis, a constrained Genetic influences on body fat and blood pressure TL Nelson et al model was tested where the parameter estimates were set equal for male and female subjects (see Table 4 ). These models were significantly worse than the full models, where the parameter estimates were allowed to vary between male and female subjects (BMI, WC, SBP ing that males and females had significantly different parameter estimates for both of these cholesky models ((BMI, WC, SBP); (BMI, WC, DBP)). A reduced model, where shared environmental loadings were set to zero in both male and female subjects, had no significant loss of fit compared to the full model. However, setting additive genetic effects to zero in male and female subjects resulted in a significantly worse fit of the model as did setting additive genetic and shared environmental effects, indicating the importance of genetic effects on these models. Tables 5-8 show the percentage of genetic and environmental influences for the four cholesky models. In male subjects we found that additive genetic effects accounted for 78.8% of the variance in BMI, 64.8% of WC, 22% of SBP, and 16.9% of DBP. In female subjects we found that additive genetic effects accounted for 79.4% of the variance in BMI, 78.4% of WC, 40.1% of SBP, and 38.7% of DBP. In male subjects, of the total genetic variance for SBP, 3.1% was genetic variance in common with BMI and 0.5% was in common with WC; for DBP, 6.1% was in common with BMI Genetic influences on body fat and blood pressure TL Nelson et al and 0% was in common with WC. It is important to note that the common variance between WC and the blood pressure variables is independent of BMI. Among female subjects, of the total genetic variance for SBP, 6.0% was genetic variance in common with BMI and 0.8% was in common with WC; for DBP, 3.7% was in common with BMI and 0.6% was in common with WC.
The remaining variance in male and female subjects was attributed mainly to unique environmental effects as well as unique environmental effects in common among the phenotypes. Age also accounted for a portion of the variance in these models, but it is not shown. Specifically among male subjects, age accounted for about 7% of the variance in SBP, and 1% of DBP. Among female Genetic influences on body fat and blood pressure TL Nelson et al subjects, age accounted for 6.5% of the variance in SBP and 0% of DBP.
Discussion
This is the first study we are aware of that has estimated common genetic and environmental influences among measures of overall fat, indices of abdominal fat, and blood pressure in African-American adult twins. Among male and female subjects, we found almost all the additive genetic influences to be in common between BMI and WC and only a very small amount to be in common among BMI and the blood pressure measures. WC hardly had any genetic variance in common with the blood pressure measures independent of BMI. Most of the genetic variance was unique to the blood pressure measures. There was, also hardly any unique environmental variance in common between BMI and the blood pressure measures or between WC and the blood pressure measures. There was however, common unique environmental variance among BMI and WC. Age accounted for a portion of the variance among SBP in both male and female subjects. We are only aware of a couple of studies, which used twins to provide heritability estimates for body fat and blood pressure. A study by Cui et al. 16 found that genetic variance accounted for 46% of the total variance in SBP and environmental variance accounted for 31% of the total variance. When they adjusted SBP for BMI there was only a small decrease in the variance, 2% for genetic and 14% for environmental. This is very similar to our findings in that the common genetic variance between BMI and SBP was very small (3.1% in male and 6% in female subjects). There were a couple of studies using similar methods of analysis to ours including a study by Snieder et al. 21 which found that among African-American youth (mean age 14 years) genetic effects accounted for 57% of the total variance in SBP and 58% of the total for DBP with environmental effects accounting for the rest of the variance. After controlling for BMI, the percent variance due to genetics did not change much at all, 56% for SBP and 58% for DBP, suggesting that BMI does not have genetic or environmental effects in common with blood pressure. Their findings among European-American youth were almost exactly the same. Another study among young Caucasian twins (average age 11.2 years) found that SBP and weight had 11.2% of genetic effects in common and 0% environmental effects. 17 Similarly, a study among Caucasian male subjects (average age 22 years) found that BMI and SBP shared 12% genetic effects and BMI and DBP shared about 13%. 20 The study by Schieken et al. 17 above considered weight instead of BMI and this could account for the greater amount of common genetic effects in their study as compared to ours; however, we ran our models using weight in place of BMI and did not see any differences in the common genetic effects between BMI and SBP or DBP. The differences between the studies among Caucasians and our study may be due to racial differences. Based on our results and those of Snieder et al. 21 it appears that African Americans have more of the variance in blood pressure and BMI explained by unique genetic and environmental factors as compared to Caucasians who have more genetic and environmental variance in common between blood pressure and BMI. However, it is important to point out that the range of shared or common genetic effects was not that large for any of the studies. The twin studies (including ours), which used variance components analysis, found overall that the common genetic variance was between 3.1 and 12% for SBP and BMI and between 3.7 and 13% for DBP and BMI. 17, 20 A study by Livshits et al. 18 found among families that SBP and BMI had 27% of their genetic variance in common and for DBP and BMI it was about 12.7%. However, these results and others are hard to compare to the variance components analyses using only twins. 16, 18, 28 It may be that variance components analyses are not sensitive enough to determine these associations. There are some studies that have looked at specific gene effects, which may be common to blood pressure and body fat. However, these studies have shown mixed results, some have been inconclusive and some have indicated common polymorphisms. [29] [30] [31] [32] For example, a recent study found that peroxisome proliferator-activated receptor gamma 2 polymorphism (Pro12Ala), which is associated with obesity, was also associated with hypertension. 32 Undoubtedly, there will be further studies that consider such common effects and it may be that there are common genes between these phenotypes only under certain contexts. For example, the above finding of the Pro12Ala polymorphism affecting blood pressure and obesity only occurred in subjects who had normal homocyteine levels. 32 Thus gene-environment interactions will also be important to consider in future analyses. The unique environmental effects in common between BMI, SBP, and DBP are not large implying that factors influencing BMI are not the same factors influencing either SBP or DBP in this population. The same is true for WC and the blood pressure measures. The small amount of 'common' environmental effects we did find could be due to exercise and/or diet, insulin resistance, etc. The type of analysis we used is not able to identify these specific factors. As noted above, we may not see any common environmental influences until we analyze specific genetic polymorphisms that may interact with specific environmental factors.
One other potential explanation for these findings may be that there is a common linking factor that would not show up in this type of analysis. For example, there are common genetic effects between insulin and body fat [33] [34] [35] [36] as well as between insulin and blood pressure. 35, 36 A study by Hong et al. 35 using Swedish twins found that BMI and insulin resistance shared genetic factors to a greater extent than BMI and SBP. Nelson et al. 34 also found BMI, WHR, and insulin to share genetic effects among these Swedish twins. There also may be common effects not accounted for by shared genes, such as insulin affecting sympathetic activity and thus
Genetic influences on body fat and blood pressure TL Nelson et al increasing blood pressure. 37 A recent study by Livshits 38 found among families that correlations between blood pressure and obesity were mediated by leptin. They also found that the familial effects on body fat and blood pressure were totally gone after controlling for leptin, suggesting that genetic variation in body fat and blood pressure is due to genetic variation of leptin. More detailed work about these common effects should be carried out among both Caucasians and African Americans. It may be helpful to carry out these studies with quantitative genetic analyses using twins before hunting for common polymorphisms. A limitation of this study included the number of subjects taking blood pressure medications. We controlled for medication use by using the residuals for the blood pressure measures. Since using the residuals is not as 'clean' as excluding those on medications, we ran our models without those taking medications and we did not find any overall differences; thus, we presented analyses using the whole sample because the models were more stable. It is also important to note, when considering data from twin studies, that the heritability estimates may be inflated because twins tend to share more environmental variance than nontwins. 39 Thus, our results could be overestimated, suggesting that unique and common genetic influences for these measures are even smaller than what we found. As noted above, there have not been any studies considering the genetic and environmental relationship between BMI and blood pressure among African Americans. Further, we are aware of only one study that considered common genetic effects for indices of abdominal fat and blood pressure and this was among a Caucasian population of families. 40 In conclusion, neither overall fat or our indices of abdominal fat, independent of overall fat, had much genetic or environmental variance in common with blood pressure among this African-American sample. Future work among African Americans should consider whether there are specific genes interacting with specific environmental factors that are common for body fat and blood pressure. We were not able to consider this in our analysis. Other important areas to consider include insulin resistance, leptin or other factors that could be a common genetic and/or environmental link between BMI and/or WC and blood pressure levels. Such considerations will help us to determine the sources of the health disparities that exist between African Americans and Caucasians. Undoubtedly combinations of genes and environment will be implicated.
